starch, unless combined with a genetic knock-out for susEF (Koropatkin and The cellulosome is an extracellular multi-enzyme complex, first discovered in the anaerobic, 117 cellulolytic bacterium Clostridium thermocellum (Bayer et al., 1983) , that is considered a very 118 efficient cellulase system for plant cell-wall degradation. The "classical" cellulosome is composed 119 of a non-catalytic "scaffoldin" subunit, and two interacting modules termed "cohesin" and 120
"dockerin" that dictate cellulosome assembly . Cellulosomal enzymes comprise 121 mostly carbohydrate-active enzymes (CAZymes), i.e., glycoside hydrolases (GHs), carbohydrate 122 esterases (CEs) and polysaccharide lyases (PLs). In addition to their catalytic modules, these 123 enzymes contain a dockerin module, which interacts tightly with the cohesin modules found on the 124 scaffoldin subunit . The different scaffoldins contain various numbers of 125 cohesins. They may also contain a carbohydrate-binding module (CBM), which mediates the 126 interaction with the substrate, as well as either a dockerin or an anchoring motif involved in 127
attachment to the bacterial cell surface. Cellulosome organization facilitates stronger synergism 128 among the catalytic units. Additionally, the proximity between the cell-bound cellulosome and the 129
Accepted Article
This article is protected by copyright. All rights reserved. Ruminococcus champanellensis is a recently described (Chassard et al., 2012) anaerobic, 149 mesophilic, Gram-positive bacterium found in the human colon, whose genome has been 150 sequenced. It is the only human colonic bacterium so far reported to efficiently degrade pure 151 cellulose (Avicel and filter paper). In addition, it can utilize xylan and cellobiose but not starch or 152
glucose (Chassard et al., 2012; Ze et al., 2013) . Phylogenetic analysis has revealed that the R. 153 champanellensis genome is related to those of the cellulolytic rumen bacterium, R. flavefaciens 154
This article is protected by copyright. All rights reserved.
(<95% 16S rRNA gene sequence similarity) (Walker et al., 2008 
Results 169
Genomic analysis of R. champanellensis reveals potential cellulosomal genes 170
The 2.57-Mb draft genome sequence of R. champanellensis 18P13 has recently been 171 published. Intriguingly, our initial bioinformatic analysis based on this sequence indicated genes 172 consistent with cellulosomal components. In this early analysis, 11 putative cohesin and 62 putative 173 dockerin sequences were revealed. In subsequent analyses, manual examination of the gaps of the 174 draft genome sequence of R. champanellensis revealed two additional incomplete genes containing 175 both cohesins and dockerins (scaA and scaB). These genes were part of a gene cluster that included 176 a previously identified scaffoldin (scaC). This type of gene cluster has been found in several other 177 cellulosome-producing bacteria . The missing sequences, which included the 178
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complete scaA and scaB genes (GenBank KP341766), were recovered by genome walking 179 (Supplemental Figure S1) , and a total of nine additional putative cohesins and 2 putative dockerins 180
were thus detected. which would position the dockerin on the exterior of the membrane. The 20 cohesins were found on 186 eleven different scaffoldin-like proteins, which were termed ScaA to ScaK (Figure 1 ). ScaA, ScaB 187
and ScaJ scaffoldins carry more than one putative cohesin, and contain 2, 7 and 3 cohesin modules, 188
respectively. ScaE has a putative C-terminal sortase signal motif, which is considered to be a cell 189
wall-anchoring sequence (Rincon et al., 2005 In terms of sequence similarities, the two cohesins of ScaA exhibit 98% protein sequence 200 identity with each other, and they likely share the same dockerin specificity. Moreover, the ScaA 201
architecture (an X-module, 2 cohesins and a dockerin) is similar to ScaA from R. flavefaciens FD1. 202
The alignments of the cohesin sequences from ScaB form two major groups, based on sequence 203
This article is protected by copyright. All rights reserved. sequences show substantial similarity and divergence, which may well translate into corresponding 219 similarities and differences in dockerin specificities. Curiously, Rc-ScaI has an enigmatic cohesin 220 sequence comprising two inverted parts separated by a linker. Therefore, it was not included in the 221 phylogenetic tree ( Figure 2 ) and comparative analysis of the cohesins. 222
Based on the CAZy website, the R. champanellensis genome contains 107 CAZyme 223 modules, more than half of which are found on dockerin-containing proteins. Among these 224 modules, 54 are glycoside hydrolases belonging to 25 GH families, mainly cellulases from families 225 5 and 9 (Table 1) . R. champanellensis also possesses GH8 and GH48 glycoside-hydrolase families, 226
which are known to play a key role in cellulose hydrolysis and are often distinctive components of 227 known cellulosomes (Bayer et al., 2013) . In addition, three important xylanase families were 228
observed, namely, GH10, GH11 and GH43. These combined data suggest a distinctive role for R. 229 champanellensis as a cellulose-degrading bacterium. 230
Many enzymes of R. champanellensis seem to have a complex multi-modular structure 231 composed of more than one catalytic module, together with a CBM and/or dockerin module. For 232 example, the protein Rc-GH10B (GI 291544573) contains GH10 and GH43 modules together with 233 two CBM22 and one CBM6 modules. This complex modular structure is very common among 234 enzymatic polypeptides from cellulolytic bacterial species (Bayer et al., 1998) . By contrast, the 235 glycoside hydrolases in the non-cellulolytic Bacteroidetes, were mainly found in a single-domain 236
polypeptide. This may reflect the difference between the types of degraded carbohydrate substrates, 237
i.e., complex and insoluble in comparison to small and soluble . 238
239

Selection of representative cohesins and dockerins 240
The specific interaction between the cohesin and dockerin pair involves many factors, which 241 cannot be predicted by bioinformatic analysis alone. Therefore, all 20 predicted cohesins and a 242 broad set of dockerins from R. champanellensis were selected for further investigation. 
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and ScaB revealed unique sequences and were therefore not included in any of the latter groups 253
( Figure 3 and Figure S2 ). 254
The Representative dockerins from each group were selected according to several parameters: 270
(1) Dockerins on cohesin-containing proteins (scaffoldins) were all selected, as these were 271 presumed to be crucial for cellulosome architecture. (2) Dockerins from proteins having a catalytic 272 module present (e.g., GH5, GH8, GH9, GH10, GH11, GH13, GH43 and GH48) were selected 273 preferentially. (3) Dockerins with either high or low sequence conservation within the same group, 274 especially in the putative recognition residues, were also preferentially selected. In total, 24 275
dockerins were selected and examined in this work (Table 1 and Figure S2 ). 276
The selected cohesins and dockerins were expressed in E. coli cells using two different 277 cassettes for cohesins and dockerins, respectively. The cohesin modules were fused to a CBM3a 278 from C. thermocellum (CBM-Coh) while the dockerin modules were fused to xylanase T6 from 279
Geobacillus stearothermophilus (Xyn-Doc) with an added His tag on the N terminus. The use of 280 fused proteins has been found to enhance the stability and the expression level of the cohesin and 281
dockerin modules compared to their expression as part of the native protein or in the free state 282 . Moreover, it allows a relatively simple way for detection of the different 283 cohesin-dockerin interactions. Following expression, the cohesins and dockerins were purified on 284
either cellulose beads or a Ni-NTA affinity column, respectively. 285 286
Cohesin-dockerin microarray 287
This study is the first to explore cohesin-dockerin interactions of R. champanellensis, and 288 the number of possible interaction pairs among the 20 cohesins and 24 dockerins selected for this 289 study was calculated at 480. Therefore, we used the CBM-based microarray method, which allowed 290 us to examine every dockerin separately against a large number of cohesins in one reaction. The 291 cellulose slides contained the 11 cohesins (as CBM-Cohs) of R. champanellensis that were detected 292
in the first bioinformatic analysis using the published sequenced genome. The nine additional 293
cohesins of ScaA and ScaB that were detected by deep examination of the unsequenced parts of the 294 genome were analyzed for their dockerin-specific interaction by ELISA assay. In addition, a set of 295 17 cohesins from the following bacterial species: A. cellulolyticus, Bacteroides cellulosolvens, 296
Clostridium acetobutylicum, Clostridium cellulolyticum, C. thermocellum, Ruminococcus bromii 297
and R. flavefaciens, were applied together on the slide to explore the possibility of cross-species 298
interactions. The addition of cohesins from different species enabled us to examine the specificity 299
of the cohesin-dockerin interaction, to explore possible cross-species interactions and to verify the 300
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accuracy of the method. A protein containing only a CBM module was also expressed in order to be 301 used as a negative control, whereby the CBM alone without the fused cohesin module, would not 302 be expected to interact with the Xyn-Docs. In addition, a xylanase-CBM fusion protein was 303 expressed for use as a positive control, to ensure that the anti-Xyn antibodies interact with the 304
xylanase. 305
The cohesin-dockerin interactions were tested by exposing the different dockerins to the 306 cellulose slides (CBM-Coh microarray), each dockerin to a separate slide. Each dockerin was tested 307
in at least two separate experiments. The microarray was scanned against two fluorescence dyes, 308
Cy3 and Cy5. The ELISA method was also used for examination of the cohesin-dockerin binding 331 interactions of the ScaA and ScaB scaffoldins ( Table 2 ). The two cohesins of ScaA share 98% 332
sequence identity, and we therefore presumed that they would interact with the same dockerin 333
partners. Indeed, both CBM-CohA2 and ScaA (containing both A1 and A2 cohesin modules) 334 (Table 2) . Cohesins B6 and B7 share 94% sequence identity. Both were expressed 341 separately but failed to interact with any of the dockerin partners, ostensibly due to incorrect 342 modular folding. Nevertheless, we can assume that the both CohB6 and CohB7 are bona fide 343
cohesins on the basis of sequence similarities, but their precise specificity is currently unknown. 344
In total 480 intra-species and 374 inter-species interactions were tested by microarray and 345 ELISA techniques, among them 64 interactions were found to be positive (Table 2) . 346
From the microarray data, the cohesin of ScaI appeared to have many interactions with 347 dockerins from Groups 3 and 4, but the intensity of the signal was low in most cases. We therefore 348
examined the interaction of CohI with several of the designated dockerins using indirect ELISA 349 Table 2 ). This 365 observation may reflect slight differences among the dockerin sequences. In any case, by virtue of 366 the high degree of symmetry of the putative recognition residues in the duplicated dockerin 367 segments (Figure 3) , all of the interacting Group 1 dockerins would be expected to exhibit a dual-368 binding mode of action (Carvalho et al., 2007) with CohE and CohJ1. 369
Based on the above, it seems that the dockerins in Group 1 are critical for cellulosome 370 assembly, since they mediate between the bacterium and the outer environment through the 371 interaction with the cell wall-attached cohesin of ScaE. It is interesting to note that the parent 372
proteins of all dockerins that interact with CohE appeared to be structural proteins and not 373 enzymatic in nature (Table 1) . 374
Group 2 dockerins. The dockerins of Group 2 exhibited specific interactions with cohesins H 375
and I, the two cohesins of ScaA and the seven cohesins of ScaB, with a lower affinity to the ScaI 376 cohesin (Table 2) . Moreover, in the case of cohesin H, ELISA tests demonstrated the dependency 377 on calcium ions in its interaction with DocC, since complex formation between them was 378 significantly reduced by the addition of EDTA (Figure 5b ). There is a striking lack of symmetry 379 between the putative recognition residues in the duplicated dockerin segments (Supplemental 380 Figure S2 ), which would strongly suggest a single mode of binding with the target cohesins. 381
Sequence homology between the 17 dockerin sequences of this group, particularly in the two 382 duplicated segments is highly conserved. Therefore, it can be assumed that all the proteins in this 383
group interact with CohH and CohI, with a preference for cohesin H. 384
ScaA dockerin (DocA) could be related to this group in view of its interactions with CohH 385 and cohesins B4, B5 and B6 ( Table 2) . As opposed to other members of this group, DocA failed to 386 interact with its own cohesins A1 and A2 and cohesins B1, B2 and B3. It seems logical that DocA 387
would fail to interact with its own cohesins, and since B1, B2 and B3 have strong similarity with 388
ScaA cohesins, it may follow suit. 389
Group 3 and 4 dockerins. Dockerins of Groups 3 and 4 were found to share the same binding 390 profile (Table 2 ). In total, 12 dockerins were selected from both groups. Six dockerins, from the 391 GH9B, GH10B, GH43C, 4116, 4559 and 4133 proteins, interacted with the three designated 392
cohesins, CohC, CohD and CohI. Dockerins GH98 and GH11 reacted only with CohC and CohD, 393
while dockerin GH43A interacted exclusively with CohD. These results were quite unexpected 394 since the two dockerin groups appeared to have relatively different sequences. However, between 395 the two groups, the two sets of duplicated putative recognition residues showed a lack of symmetry 396 between them. Therefore, as in the case of Group 2, this may indicate a single mode of binding for 397
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Groups 3 and 4, which would allow a wider range of combinations among the cohesin-dockerin 398
pairs. 399
The dominant glycoside hydrolase family in Groups 3 and 4 is GH43, while families GH8, 400 GH9, GH10 and GH11 are also present (Table 1) . GH43, GH10 and GH11 are families known to 401 exhibit hemicellulose-degrading activity, where the latter two exhibit xylanase activity. As a result, 402
the enzymes associated with these groups of dockerins may be more involved in the degradation of 403 hemicellulosic substrates than cellulose. In addition, many proteins in these groups contain regions 404
of LRR motifs and unknown function. As mentioned for Group 2, the proteins in these two groups 405 may be integrated into the cell surface-attached cellulosome complex via the ScaC and ScaD 406 adaptor proteins, or, alternatively, they may bind to ScaI and act in a cell-free manner. 407
Based on the above-described findings, cell-bound and cell-free cellulosome architectures 408
were proposed for R. champanellensis. The two schematic models are presented in Figure 6 . 409
In many cellulosome-producing bacteria, the cohesin-dockerin interaction appears to be largely 410 species specific. However, a study by Haimovitz et Rc-CohC ( Figure S3 ). It is likely that the cross-reactivity between R. champanellensis and C. 416
thermocellum is a result of spurious interaction due to coincidental similarity in their sequence 417 motifs, rather than a true functional interaction, since these two bacteria exist in very different 418 environments and temperature conditions. In this context, the Lys-Arg motif is prevalent in both C. 
This article is protected by copyright. All rights reserved. dockerins with specific recognition for these cohesins may exist but were not selected for this 434 study. Moreover, folding anomalies of the cohesins modules should also be taken into account. 435
All of the predicted cohesins of R. champanellensis, derived from the draft genome sequence, 436 were tested in this study. Thus, it was surprising to find that four dockerins failed to interact with 437 any of the cohesins; especially dockerins Rc-GH5B and Rc-GH8 whose sequences are very similar 438 to those of active dockerins. Three of the inactive dockerins (GH5B, GH8 and GH9G) were 439 therefore expressed as the intact wild-type protein rather than as Xyn-Doc chimaeras. Thus, 440
although the Rc-GH9G and Rc-GH5B dockerins failed to interact with any of the cohesin partners 441 when inserted in the Xyn cassette, they successfully interacted with their respective group-specific 442 cohesins ( R. champanellensis is the first cellulolytic bacterium found in the human gut to have genes 458 associated with cellulosomal components, i.e., cohesin and dockerin modules. Cellulosomal 459 subunits interconnect to form an efficient multi-enzyme cellulose-degrading machine through 460 cohesin-dockerin interactions. In doing so, they represent the fundamental components of the 461 cellulosome assembly. In this study, initial structures of cellulosome complexes in this bacterium 462
were predicted based on the 64 newly discovered cohesin-dockerin interactions. 463
By piecing together the puzzle of cohesin-dockerin interactions and the modular arrangement 464 of their parent molecules, we can predict that the overall architecture of the cellulosome system in 465 R. champanellensis is very complex, and somewhat reminiscent of that of R. flavefaciens in the cow 466 rumen . The cell-bound cellulosome of R. champanellensis is anchored to the 467 cell surface by ScaE via its sortase signal motif ( Figure 6 ). This scaffoldin is the only scaffoldin 468
identified to bear a recognizable segment consistent with a cell-anchoring function. ScaE can then 469
This article is protected by copyright. All rights reserved. proteins, e.g., mainly hemicellulases, CBM modules and peptidases. 484
The ScaB dockerin and dockerins of Group 1 may be of particular interest, since they were 485 found to interact directly with the cell-anchoring scaffoldin, ScaE. ScaB, in particular, with its 486 multiplicity of cohesins, provides the major basis for cellulosome structure. ScaE can thus mediate 487 the proximity between the bacterial cell wall and the enzymes. However, the major mechanism for 488 attachment of the cell to the substrate has yet to be determined. Most of the proteins in Group 2 represent glycoside hydrolase enzymes, mainly cellulases or 498 closely associated enzymes of families 5, 9, 44, 48 and 74; some of which also contain a CBM 499 module (Table 1) . Hence, the proteins that bear Group 2 dockerins would appear to play a major 500 role in cellulose degradation. In addition, two cohesin-containing proteins, ScaC and ScaD, are also 501 included in this group. Intriguingly, the two latter monovalent scaffoldins likely play an adaptor 502 role (Rincon et al., 2004) , since they bind to Group 3 and 4 enzymes, many of which appear to be 503
hemicellulases. The integration of ScaC and ScaD into the cellulosomal system of R. 504 champanellensis may therefore serve in a regulatory capacity to alter the repertoire of enzymes that 505 then act on selected hemicellulosic substrates that emerge during plant cell wall hydrolysis. 506
However, some of the dockerin-containing proteins, mainly from Groups 3 and 4, lack confirmed 507
carbohydrate-degrading components, thus indicating that some of the cohesin-dockerin interactions 508 in this bacterium serve in a non-cellulosomal context, as previously suggested for other organisms 509 (Peer et al., 2009 ). One possible role for these interactions is to enhance the interaction between the 510 bacteria and the host epithelium cells. 511
As opposed to the above-described interactions among the R. champanellensis scaffoldins, 512
ScaI represents a protein with a single unusual cohesin module and a region of unknown function. 513
This may suggest the assembly of a cell-free cellulosome-like architecture, albeit in most cases, 514 only a weak interaction would be expected between ScaI and the various proteins. A ScaI-mediated 515 cell-free cellulosome-like system may be released into solution to degrade carbohydrates farther 516
away from the bacterium. The concept of free cellulosome was described before for A. 517 cellulolyticus and C. cellulolyticum, and was assumed to allow efficient degradation in cases where 518 the substrate is abundant and remote from the bacterium (Artzi et al., 2014) . In A. cellulolyticus and 519
This article is protected by copyright. All rights reserved. degrading dietary fiber that is less recalcitrant than that available to R. flavefaciens in the rumen. 534
The relatively compact cellulosome of R. champanellensis may, nevertheless, explain why this 535 species is, so far, unique among isolated human gut bacteria in its ability to degrade insoluble filter 536 paper cellulose. It is thus possible that this species plays a key role in releasing energy from certain 537 types of dietary fiber. Breakdown products from dietary fiber have a great impact on human health, 538
and the efficiency of this breakdown may depend on the populations of specialist bacteria such as 539 R. champanellensis. Mechanistic understanding will therefore contribute to the development of 540 strategies for microbial manipulation, in order to prevent and/or treat health disorders and 541 consequent metabolic processes. Moreover, the study of these special bacteria will help improve 542 our understanding of the ecology and metabolism of the gut microbiota. 543
Since Ruminococcus is one of the major genera found in the adult human microbiota 544 of H 2 -producing cellulolytic bacteria is increased, due to the removal of H 2 by methanogens, 567
acetogens and sulphate-reducing species (Latham and Wolin, 1977) . Therefore the discovery of a 568
cellulosome system in this bacterium could provide it with a critical advantage over other species in 569 the human gut ecosystem. 570
Non-digestible carbohydrates are considered to comprise the main energy source for 571 microbial growth in the human colon . Hence, the human diet has a major 572 impact on the microbial population and metabolism in the colon . R. 573
champanellensis could thus represent a keystone species in the human gut (Ze et al., 2013) , since is 574 the only human colonic bacterium so far reported to degrade crystalline cellulosic substrates and 575 might therefore be expected to initiate degradation of a wide range of plant material. The presence 576 of a cellulosome system in this bacterium would support this argument. Such a keystone role has 577 been proposed previously with respect to starch fermentation for the related species R. bromii, 578
which is a highly specialized degrader of particulate starch, in view of evidence that human 579
volunteers lacking this species fail to fully ferment resistant starch present in their diet (Walker et 580 al., 2011; Ze et al., 2012) . 581
Understanding the molecular basis for novel cohesin-dockerin interactions will extend our 582 knowledge of cellulosome organization in different species. The cellulosomal elements that form 583 the relatively simple architecture of the largest R. champanellensis cellulosome (11 enzymes) could 584 thus be used in designer cellulosomes to integrate select copies of desired enzymes. The different 585 cohesin and dockerin pairs can thus be included as components of designer cellulosomes, which can 586 be used as a tool for understanding cellulosome action and for future biotechnological application, 587 such as production of biofuels and waste management . 588 589
Experimental Procedures 590
Bioinformatic analysis 591
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Cloning of CBM-fused cohesins and xylanase-fused dockerins 610
Cohesin and dockerin genes were amplified by PCR from the R. champanellensis 18P13 611 genomic DNA, which was prepared from cell pellets using the FastDNA spin kit for soil (MP 612 Biomedicals, France), using specific primers. The list of primers used in this study is provided in 613 the Supplementary Materials (Table S1 ). E. coli BL21 (DE3) cells were transformed with the desired plasmid and grown at 37°C in 630 300-500 ml LB medium, supplemented with 50 μg/ml kanamycin (Sigma-Aldrich Chemical Co, St. 631
Louis, Missouri), with the inclusion of 2 mM CaCl 2 for dockerin-containing proteins, to A 600 ≈0.8-1. 632
Protein expression was induced by addition of 0.1 mM Isopropyl-1-thio-β-D-galactoside (IPTG) 633 (Fermentas UAB), and the growth was continued either at 37°C for 3 h or at 16°C for ~16 h 634 (according to predetermined conditions). Cells were harvested by centrifugation (5000 rpm, 15 635 min) and resuspended in 30 ml TBS (Tris-buffered saline, 137 mM NaCl, 2.7 mM KCL, 25 mM 636
Tris-HCl, pH=7.4) or TBS supplemented with 5 mM imidazole for dockerin-containing proteins 637
(Merck KGaA, Darmstadt, Germany), and stored at -20°C. Immediately before purification, the 638 thawed cells were sonicated and then centrifuged (14,000 rpm, 30 min, 4°C). The supernatant fluids 639
were used for further steps for protein purification. 640
641
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Purification of CBM-containing cohesin 642
Supernatant fluids containing the cohesin-containing proteins were added to 2 g of 643 macroporous beaded cellulose preswollen gel (IONTOSORB, Usti nad Labem, Czech Republic), 644
and incubated for 1 h, with rotation at 4°C. The mixture was then loaded onto a column by gravity, 645
washed with 100 ml of TBS containing 1 M NaCl and then with 100 ml TBS. Three 5 ml elutions 646 of 1% triethanolamine (TEA) were then collected. The fractions were subjected to SDS-PAGE in 647
order to assess protein purity, and then dialyzed against TBS overnight at 4°C. 648 649
Purification of Xyn-containing dockerin 650
The supernatant fluids containing the dockerin-bearing proteins were mixed with ~4 ml Ni-651
NTA for 1 h on a 20-ml Econo-pack column, on a rotator at 4°C (batch purification system). The 652 column was then washed by gravity flow with 50-100 ml wash buffer (TBS, 15 mM imidazole). 653
Elution was performed first using 10 ml 100 mM imidazole, followed by 10 ml 250 mM imidazole. 654
Fractions (2 ml) were collected and subjected to SDS-PAGE. The fractions containing relatively 655 pure proteins were pooled, and CaCl 2 (10 mM), as well as protease-inhibitor cocktail, was added. 656
The proteins were dialyzed overnight at 4°C with TBS supplemented with 5 mM CaCl 2 . 657 658
Protein concentration 659
Protein concentrations were estimated by absorbance at 280 nm. Extinction coefficient was 660 determined based on the known amino acid composition of each protein using VectorNTI version 661 11 computer program. Some proteins were concentrated using Amicon ultra concentrators 662 (Millipore, Ireland). Proteins were stored in 50% (v/v) glycerol at -20°C. 663 664
CBM-based microarray 665
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The labeling of the fluorescent antibodies was performed using GE Healthcare's N-680 hydroxysuccinimide-ester-activated Cy-5 dye and Cy-3 kits. The dyes were resuspended in 0.1 M 681 sodium carbonate buffer, pH 9, and mixed with the antibody (1 mg in 1 ml), according to the 682 manufacturer's instructions. Free dye was removed by dialysis against TBS. The fluorescence-683 labeled antibody was stored in 50% glycerol at -20°C. 684
685
ELISA affinity assay 686
The standard affinity-based ELISA procedure was performed as described previously 687 
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Tris-buffered saline (TBS), pH 7.4, containing 10 mM CaCl 2 was used as running buffer at a flow 715 rate of 0.5 ml·min −1 . Proteins were detected using a UV detector at a wavelength of 280 nm. 
Figures Legends
